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Nuhsv dqg Vfkhlqnpdq*v +4<;6, fhoheudwhg uhvxow lv wkdw lq d wzr0vwdjh
prgho ri d pdunhw zlwk krprjhqhrxv surgxfwv lq zklfk ￿upv qrqfrrshu0
dwlyho| slfn fdsdflwlhv lq wkh ￿uvw vwdjh dqg vhw sulfhv lq wkh vhfrqg vwdjh/
wkh htxloleulxp rxwfrph lv wkdw ri d rqh0vkrw Frxuqrw jdph1 Wklv qrwh
ghulyhv fdsdflw| uhdfwlrq ixqfwlrqv iru wkh ￿uvw vwdjh dqg h{whqgv wkh Nuhsv
dqg Vfkhlqnpdq uhvxow wr wkh fdvh ri gl￿huhqwldwhg surgxfwv1
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641 Lqwurgxfwlrq
Nuhsv dqg Vfkhlqnpdq +4<;6, ghyhors dq h{whqvlrq ri wkh Frxuqrw dqg Ehuwudqg
gxrsro| prghov lq zklfk +4<;6/ s1 65:,
Fdsdflwlhv duh vhw lq wkh uvw vwdjh e| wkh wzr surgxfhuv1 Ghpdqg lv
wkhq ghwhuplqhg e| Ehuwudqg0olnh sulfh frpshwlwlrq/ dqg surgxfwlrq
wdnhv sodfh dw }hur frvw/ vxemhfw wr fdsdflw| frqvwudlqwv jhqhudwhg e|
wkh uvw0vwdjh ghflvlrqv1
Htxloleulxp lq wklv wzr0vwdjh jdph kdv upv vhohfwlqj fdsdflwlhv lq wkh uvw
vwdjh wkdw duh mxvw vx!flhqw wr surgxfh wkh Frxuqrw htxloleulxp rxwsxwv/ dqg
surgxflqj wkrvh rxwsxwv lq wkh vhfrqg shulrg1
Wkh Nuhsv dqg Vfkhlqnpdq prgho lv iuhtxhqwo| flwhg dv surylglqj d mxvwl0
fdwlrq iru xvh ri Frxuqrw prgho/ zklfk lv fkdudfwhul}hg dv ehlqj glhuhqwldoo|
xqvdwlvidfwru| frpsduhg zlwk wkh Ehuwudqg prgho1 Iru h{dpsoh +Pdjjl/ 4<<9/ s1
573,=4
Wkh Frxuqrw prgho ri txdqwlw| frpshwlwlrq kdv ehhq wkh vxemhfw ri
frqvlghudeoh fulwlflvp lq wkh wkhru| ri lqgxvwuldo rujdql}dwlrq1 Li wdnhq
olwhudoo|/ wkh Frxuqrw prgho dvvxphv wkdw upv gxps wkhlu surgxfwlrq
rq wkh pdunhw dqg wkdw dq dxfwlrqhhu ghwhuplqhv wkh sulfh wkdw fohduv
wkh pdunhw1 Lq prvw lqgxvwulhv wkhuh lv qrwklqj wkdw uhvhpeohv dq
dxfwlrqhhu/ dqg upv xvh sulfhv dv d vwudwhjlf yduldeoh1
Vxfk fulwlflvpv pd| eh sxw iruzdug lq sduw wr prwlydwh lqwhuhvw lq dqdo|vhv
ri wkh Nuhsv dqg Vfkhlqnpdq w|sh1 Wklv grhv qrw pdnh wkhp frpshoolqj1 Doo
prghov duh devwudfwlrqv iurp uhdolw|1 Wkh phfkdqlvp e| zklfk sulfh lv ghwhuplqhg
lv dovr xqvshflhg lq wkh vwdqgdug prgho ri d shuihfwo| frpshwlwlyh pdunhw/ d
prgho wkdw lv qrw vhw dvlgh rq wkdw dffrxqw1
Qru duh vxfk fulwlflvpv qhhghg wr mxvwli| lqwhuhvw lq wkh Nuhsv dqg Vfkhlqnpdq
prgho= lw lv d vhplqdo h{dpsoh ri dqdo|vlv ri ulydou| lq dq lpshuihfwo| frpshwlwlyh
pdunhw lq zklfk rxwfrphv ghshqg fulwlfdoo| rq wkh vhtxhqfh lq zklfk ghflvlrqv
pd| eh wdnhq/ dqg wkh zd| lq zklfk hduolhu ghflvlrqv frqglwlrq wkh sd|rv dvvr0
fldwhg zlwk odwhu ghflvlrqv1
4Iulhgpdq +4<;5/ s1 838, frpsduhv wkh Frxuqrw prgho/ wkh Ehuwudqg prgho/ dqg d prgho
ri sulfh0vhwwlqj roljrsro| zlwk surgxfw gl￿huhqwldwlrq/ dqg frqfoxghv wkdw wkh odwwhu lv wr eh
suhihuuhg rq wkh jurxqgv wkdw lw uholhv rq pruh vdwlvidfwru| dvvxpswlrqv zlwkrxw ehlqj frpsx0
wdwlrqdoo| pruh frpsoh{1
7Nuhsv dqg Vfkhlqnpdq dvvxph wkdw wkh surgxfw lv krprjhqhrxv1 Rqh lp0
solfdwlrq ri wklv dvvxpswlrq lv wkdw wkh| pxvw lqfoxgh lq wkh prgho dq dvvxphg
udwlrqlqj uxoh wkdw ghwhuplqhv wkh txdqwlw| ghpdqghg ri d kljkhu0sulfh up li
wkh fdsdflw| ri d orzhu0sulfh up grhv qrw doorz lw wr vxsso| wkh hqwluh txdqwlw|
ghpdqghg dw wkh orzhu sulfh1 Wkhlu uhvxowv ghshqg rq wkh sduwlfxodu irup ri ud0
wlrqlqj uxoh wkdw lv xvhg/ dv wkh| vxjjhvw +Nuhsv dqg Vfkhlqnpdq/ 4<;6/ s1 65;,
dqg dv Gdylgvrq dqg Ghqhfnhuh +4<;9, vkrz irupdoo|1
Li rqh h{whqgv wkh Nuhsv dqg Vfkhlqnpdq prgho wr glhuhqwldwhg surgxfwv/ wkh
txdqwlw| ghpdqghg ri hdfk up lq wkh vhfrqg vwdjh ri wkh jdph lv zhoo ghqhg
iru doo sulfh sdluv1 Wklv dyrlgv wkh qhhg wr kdyh d udwlrqlqj uxoh dv sduw ri wkh
prgho1
Lq wkhvh ohfwxuh qrwhv/ L vkrz wkdw wkh Nuhsv dqg Vfkhlqnpdq uhvxow krogv
zkhq wkh prgho lv h{whqghg wr wkh fdvh ri glhuhqwldwhg surgxfwv1
Wkhuh lv d vhqvh lq zklfk wklv uhvxow lv lqwxlwlyh1 Rqh zrxog qrw h{shfw upv
wr krog h{fhvv fdsdflw| lq htxloleulxp1 Li wkhuh lv qr h{fhvv fdsdflw| lq wkh vhfrqg
vwdjh/ wkhq zkhq upv pd{lpl}h surw lq wkh uvw vwdjh/ wkh| duh pd{lpl}lqj d
sd|r ixqfwlrq wkdw kdv wkhq vdph ghpdqg dqg frvw vwuxfwxuhv dv lq wkh fruuh0
vsrqglqj rqh0vkrw Frxuqrw jdph/ wkh glhuhqfh ehlqj wkdw lq wkh uvw vwdjh ri
wkh wzr0vwdjh jdph/ upv vhohfw fdsdflwlhv udwkhu wkdq rxwsxwv1 Wklv ohdgv wr wkh
uhvxow wkdw zlwk surgxfw glhuhqwldwlrq/ upv* fdsdflw| uhdfwlrq ixqfwlrqv lq wkh
qhljkerukrrg ri htxloleulxp duh ixqfwlrqdoo| lghqwlfdo wr wkh Frxuqrw txdqwlw|
uhdfwlrq ixqfwlrqv1 Lw lv wkxv wr eh h{shfwhg wkdw wkh htxloleulxp ri wkh wzr0vwdjh
jdph vkrxog uhsurgxfh wkh Frxuqrw rxwfrph1
Wklv uhvxow lv rewdlqhg e| \lq dqg Qj +4<<:> 5333, +vhh dovr Vfkxo} +4<<</
5333,/ zkr gr qrw suhvhqw wkh fdsdflw| uhdfwlrq ixqfwlrqv1
Wkh dqdo|vlv uhsruwhg khuh lv whglrxv1 Lw kdv lq frpprq zlwk pdq| vsdwldo
prghov ri lpshuihfwo| frpshwlwlyh pdunhwv wkdw d frpsohwh wuhdwphqw uhtxluhv
zrunlqj wkurxjk pdq| fdvhv zklfk qhyhu rffxu lq htxloleulxp/ dqg zklfk rqh
nqrzv iurp wkh ehjlqqlqj/ ru dw ohdvw vwurqjo| vxvshfwv/ zloo qrw rffxu lq htxlole0
ulxp1 Lw wxuqv rxw qrqhwkhohvv wr eh qhfhvvdu| wr zrun wkhvh fdvhv rxw lq rughu wr
ghprqvwudwh wkdw wkh| gr qrw rffxu lq htxloleulxp/ dqg wr yhuli| wkdw wkh prvw
s o d x v l e o hv x v s h f wl vl qi d f wd qh t x l o l e u l x p 1
Vhfwlrq 5 suhvhqwv wkh prgho ri ghpdqg iru glhuhqwldwhg surgxfwv/ gxh wr
Erzoh| +4<57,/ wkdw lv xvhg lq wkhvh qrwhv1 Vhfwlrq 6 jlyhv wkh frvw ixqfwlrq1
Iru frpsdulvrq dqg edfnjurxqg/ Vhfwlrqv 714 dqg 715 jlyh deeuhyldwhg wuhdw0
phqwv ri wkh Ehuwudqg dqg Frxuqrw gxrsro| prghov zlwk surgxfw glhuhqwldwlrq1
8Dv lv vwdqgdug lq wzr0vwdjh prghov/ wkh dqdo|vlv ehjlqv lq wkh vhfrqg vwdjh dqg
zrunv edfnzdug1 Vhfwlrq 8 lqwurgxfhv wkh srvvleoh vhjphqwv ri d up*v vhfrqg0
vwdjh sulfh uhdfwlrq ixqfwlrq/ dqg Vhfwlrq 9 zrunv rxw wkh wkuhh srvvleoh vkdshv
ri wkh sulfh uhdfwlrq ixqfwlrqv1
Vhfwlrq : vwdwhv wkh uhvxowv/ lq wkh irup ri irxu Ohppdv dqg d Wkhruhp1 Ohppd
4 jlyhv wkh uhodwlrqvkls ehwzhhq wkh fdsdflw| ohyho fkrvhq lq wkh uvw vwdjh dqg wkh
vkdsh ri wkh up*v sulfh uhdfwlrq ixqfwlrq lq wkh vhfrqg shulrg1 Ohppd 5 jlyhv wkh
uhodwlrqvkls ehwzhhq wkh fdsdflw| ohyhov fkrvhq lq wkh uvw shulrg dqg wkh qdwxuh
ri wkh sulfh uhdfwlrq ixqfwlrqv lq wkh qhljkerukrrg ri htxloleulxp1 Ohppd 6/
wkh surri ri zklfk lv hqwluho| phfkdqlfdo/ jlyhv htxloleulxp sulfhv/ txdqwlwlhv/ dqg
sd|rv iru wkh dowhuqdwlyh vhfrqg0vwdjh htxloleuld1 Ohppd 7 jlyhv wkh surshuwlhv
ri wkh +uvw0vwdjh, fdsdflw| uhdfwlrq ixqfwlrqv1 Wkh Wkhruhp lv wkdw wkh uhvxow
r iw k hN u h s vd q gV f k h l q n p d qp r g h ok r o g vz k h qs u r g x f w vd u hg l  h u h q w l d w h g 1
51 Ghpdqg
Iru wkh Erzoh| +4<57, olqhdu surgxfw glhuhqwldwlrq prgho wkh uhsuhvhqwdwlyh
frqvxphu xwlolw| ixqfwlrq lv








zkhuh f  w  1
D Odjudqjldq ixqfwlrq wr ghvfuleh wkh frqvwudlqhg rswlpl}dwlrq sureohp lv
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nb￿ Et  6  R￿^￿  R2^2c
zkhuh t lv lqfrph/ 6 doo rwkhu jrrgv/ dqg R6 'wkh sulfh ri doo rwkhu jrrgv1
Wkh Nxkq0Wxfnhu frqglwlrqv duh
@  KE^￿ n w^2bR￿  f ^￿ d@  KE^￿ n w^2 bR￿o'f ^ ￿f +516,
@  KEw^￿ n^2bR2  f ^2 d@  KEw^￿ n^2 bR2o'f ^ 2f +517,
  b￿  f 6E  b￿'f 6f +518,
t  6  R￿^￿  R2^2  f b￿Et  6  R￿^￿  R2^2'f b ￿f  +519,
9Dvvxph t lv vx!flhqwo| odujh vr wkdw 6:f 1 Wkhq +518, lpsolhv wkdw
b￿ ' +51:,
dqg +519, lpsolhv
6 ' t  ER￿^￿ n R2^2 +51;,
Vxevwlwxwh +51:, lq +516, dqg +517, wr rewdlq
@  KE^￿ n w^2R￿  f ^￿d@ KE^￿ nw^2 R￿o'f ^ ￿f +51<,
@  KEw^￿ n^2R2  f ^2d@ KEw^￿ n^2R2o'f ^ 2f  +5143,
Fdvh 4= ^￿ : f/ ^2 : f1
Wkhq +51<, dqg +5143, lpso| wkdw wkh lqyhuvh ghpdqg fxuyhv duh
R￿ ' @  KE^￿ n w^2 +5144,
R2 ' @  KEw^￿ n ^2 +5145,
Wkh htxdwlrqv ri wkh lqyhuvh ghpdqg fxuyhv fdq eh lqyhuwhg wr rewdlq wkh
htxdwlrqv ri wkh ghpdqg fxuyhv zkhq frqvxpswlrq ri erwk ydulhwlhv lv srvlwlyh=/
^￿ '









Fdvh 5= ^￿ : f/ ^2 'f 1
Wkhq +51<, lpsolhv wkdw wkh lqyhuvh ghpdqg fxuyh iru ydulhw| 4 lv
R￿ ' @  K^￿c +5148,






R2  @  Kw^￿ +514:,
Fdvh 6= ^￿ 'f /^ 2:f 1
:+5143, lpsolhv
R2 ' @  Kw^2 +514;,






R￿  @  Kw^2 +5153,
61 Frvw
Ohw
&￿ ' up *v fdsdflw|
4 ' orqj0uxq frvw shu xqlw ri fdsdflw|
Wkh frvw ri fdsdflw| lv {hg> rqfh wkh up jhwv wr wkh vhfrqg shulrg/ lwv frvw
ixqfwlrq lv
E^￿(&￿'S^￿ n 4&￿/ ^￿  &￿ +614,
Wkh xqlwv lq zklfk fdsdflw| lv phdvxuhg duh qrupdol}hg vr wkdw rqh xqlw ri fdsdflw|
doorzv surgxfwlrq ri rqh xqlw ri rxwsxw1
71 Ehqfkpdun fdvhv
7141 Ehuwudqg gxrsro|
Li upv frpshwh lq sulfhv/ pdujlqdo frvw lv %/ dqg wkh txdqwlw| ghpdqghg ri erwk
upv lv srvlwlyh/ up 4*v surw ixqfwlrq lv
Z￿ 'E R ￿% 
E  wE@  %  ER￿  %nwE R 2% 
K E  w
2
+714,
Wkh uvw0rughu frqglwlrq lv
2ER￿  %  wER2  %'E w E@  % +715,




E @%  +716,
;Vxevwlwxwh lq wkh htxdwlrq ri wkh ghpdqg ixqfwlrq wr rewdlq Ehuwudqg htxlole0
ulxp txdqwlwlhv ghpdqghg= vr wkdw
^￿E%'





Wkh Ehuwudqg htxloleulxp sd|r zlwk pdujlqdo frvw % lv
Z￿E%'
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 2











Li upv frpshwh lq txdqwlwlhv dqg pdujlqdo frvw lv %/ up 4*v surw ixqfwlrq lv
Z￿ 'd @%K E ^ ￿nw^2o^￿ +719,
Wkh uvw0rughu frqglwlrq lv























81 Vhjphqwv ri wkh sulfh uhdfwlrq ixqfwlrq
Ilupv uvw fkrrvh fdsdflwlhv/ wkhq vhw sulfhv/ wkhq surgxfh wkh txdqwlwlhv gh0
pdqghg dw wkrvh sulfhv1
Khuh zh frqvlghu wkh qdwxuh ri up 4*v sulfh uhdfwlrq ixqfwlrq/ wdnlqj fdsdflw|
dv jlyhq1 Wkhuh duh dw prvw irxu vhjphqwv ri wkh sulfh uhdfwlrq ixqfwlrq> wkh dfwxdo
<qxpehu ri vhjphqwv pd| eh wzr/ wkuhh/ ru irxu/ ghshqglqj rq wkh fdsdflw| ohyho
fkrvhq lq wkh uvw vwdjh dqg rq wkh sdudphwhuv ri wkh prgho1
Rqfh &￿ kdv ehhq fkrvhq/ up 4*v surw ixqfwlrq iru
^￿ '
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Fdoo wkh uvw0rughu frqglwlrq wr pd{lpl}h +815, zkhq wkh fdsdflw| frqvwudlqw
+814, lv qrw elqglqj eudqfk rqh ri up 4*v sulfh uhdfwlrq ixqfwlrq> wklv lv wkh
Ehuwudqg uhdfwlrq ixqfwlrq zlwk pdujlqdo frvw htxdo wr S/ zlwk htxdwlrq
2ER￿  S  wER2  S'E w E@  S +816,
Li wkh fdsdflw| frqvwudlqw lv elqglqj/ up 4*v rxwsxw htxdov fdsdflw|> wkh htxd0
wlrq ri wkh elqglqj fdsdflw| frqvwudlqw pd| eh ydulrxvo| zulwwhq
^￿ '











R￿ ' wR2 nE w @K E  w
2&￿ +819,
Fdoo wklv eudqfk wzr ri up 4*v sulfh uhdfwlrq ixqfwlrq
Rq eudqfk wzr ri lwv uhdfwlrq ixqfwlrq/ up 4*v surw ixqfwlrq lv
Z￿ 'E R ￿S4  & ￿ +81:,
Li R2 ulvhv vx!flhqwo|/ wkh txdqwlw| ghpdqghg ri up 5 jrhv wr }hur1 Dw wkdw
srlqw/ wkh txdqwlw| ghpdqghg ri up 4 lv ohvv wkdq 4?E&￿c^ 6ES￿/z k h u h^ 6 E S ￿lv
wkh rxwsxw ri d vlqjoh0ydulhw| prqrsrolvw zlwk pdujlqdo frvw S shu xqlw dqg wkh
qrqqhjdwlylw| frqvwudlqw ^2  f ehfrphv elqglqj/ dqg lw lv wkh ^2 'fhtxdwlrq/
wR￿ nR2 'E w  @ +81;,
+iurp +5147,, wkdw lv wkh htxdwlrq ri up 4*v sulfh uhdfwlrq ixqfwlrq1 Fdoo wklv
vhjphqw ri wkh sulfh uhdfwlrq ixqfwlrq eudqfk irxu ri up 4*v uhdfwlrq ixqfwlrq1
43Lq wkh NVSG prgho/ wkhuh lv qr eudqfk wkuhh ri wkh sulfh uhdfwlrq ixqfwlrq1
Pdjjl +4<<9, ghyhorsv dq h{whqvlrq ri wkh Nuhsv dqg Vfkhlqnpdq prgho lq zklfk
upv pd| h{sdqg fdsdflw| diwhu ghpdqg lv uhdol}hg/ dw d glhuhqwldoo| kljkhu xqlw
frvw/ li lw lv surwdeoh wr gr vr1 Lq wkh Pdjjl prgho/ eudqfk wkuhh lv wkh vhjphqw
ri d up*v sulfh uhdfwlrq ixqfwlrq zkhq lw pd{lpl}hv surw/ h{sdqglqj fdsdflw|
eh|rqg wkh ohyho fkrvhq lq vwdjh rqh1 Eudqfk wkuhh grhv qrw dsshdu lq wkh NVSG
prgho1
Ilqdoo|/ li R2 ulvhv vx!flhqwo|/ wkh txdqwlw| ghpdqghg ri up 4 htxdov 4?E&￿c^ 6ES￿/
dw zklfk srlqw up 4*v sulfh uhdfwlrq ixqfwlrq ehfrphv yhuwlfdo= up 5*v sulfh lv vr
kljk wkdw up 4 fdq vhoo dv forvh wr prqrsro| rxwsxw dv lwv fdsdflw| ohyho shuplwv/
zlwkrxw fuhdwlqj d srvlwlyh ghpdqg iru ydulhw| 51
91 Sulfh uhdfwlrq ixqfwlrqv
Irxu frqjxudwlrqv duh srvvleoh iru up 4*v sulfh uhdfwlrq ixqfwlrq/ ghshqglqj rq
lwv fdsdflw| ohyho dqg rq wkh sdudphwhuv ri wkh prgho1
+e5/e8,= iru yhu| orz fdsdflw| ohyhov +dv vshflhg lq Ohppd 4,/ up 4 lv
fdsdflw| frqvwudlqhg xqwlo R2 uhdfkhv vxfk d kljk ohyho wkdw wkh txdqwlw| ghpdqghg
ri up 5 lv }hur hyhq zkhq up 4 vhoov doo lw fdq surgxfh/ jlyhq lwv fdsdflw|> vhh
Iljxuh 9141
Iru odujhu fdsdflw| ohyhov/ exw qrw h{fhhglqj d olplw vshflhg lq Ohppd 4/ up
4*v sulfh uhdfwlrq ixqfwlrq ehjlqv zlwk wkh xqfrqvwudlqhg/ eudqfk rqh vhjphqw/
w k h qp r y h vr qw re u d q f kw z rd q ge u d q f k y h 1V h hI l j x u h9 1 5 1
Iru vwloo kljkhu ydoxhv ri &￿/ exw qrw h{fhhg d ohyho vshflhg lq Ohppd 4/ up
4*v sulfh uhdfwlrq ixqfwlrq kdv doo irxu vhjphqwv1 Vhh Iljxuh 9161
Iru yhu| kljk fdsdflw| ohyhov/ up rqh lv qrw fdsdflw| frqvwudlqhg/ dqg vhwv
sulfh dorqj lwv eudqfk rqh/ xqwlo R2 u l v h vv rk l j kw k d w u p4l vd e o hw rv h ww k h
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Iljxuh 917= Ilup 4*v +e4/e7/e8, sulfh uhdfwlrq ixqfwlrq/ &￿  &(
48:1 Uhvxowv
:141 Ohppd 4
Ohppd 4=O h w
& ￿











dqg dvvxph +khuh dqg lq zkdw iroorzv, wkdw w lv qrw wrr odujh/







vr wkdw &￿ : f1
Wkhq
+d, wkh uhodwlrq ehwzhhq uvw0vwdjh fdsdflw| &￿ dqg wkh frqjxudwlrq ri wkh vhfrqg0
vwdjh sulfh uhdfwlrq ixqfwlrq lv
&￿  &￿ , up l*v uhdfwlrq ixqfwlrq lv ri wkh irup +e5/e8,
&￿  &￿  ^6ES￿ , up l*v uhdfwlrq ixqfwlrq lv ri wkh irup +e4/e5/e8,
^6ES￿  &￿  &( , up l*v uhdfwlrq ixqfwlrq lv ri wkh irup +e4/e5/e7/e8,
&(  &￿ 
@3S34
K , up l*v uhdfwlrq ixqfwlrq lv ri wkh irup +e4/e7/e8,
+e, lq wkh vhfrqg vwdjh/ wkhuh duh 49 srvvleoh frpelqdwlrqv ri sulfh uhdfwlrq ixqf0
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Iljxuh :14= Sulfh uhdfwlrq ixqfwlrq frqjxudwlrqv/ fdsdflw| vsdfh
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ghqrwh wkh fdsdflw| wkdw lv mxvw vx!flhqw wr doorz d up wr surgxfh wkh Ehuwudqg












eh wkh fdsdflw| ohyho wkdw mxvw doorzv up  wr surgxfh lwv Ehuwudqg ehvw0uhvsrqvh
rxwsxw zkhq erwk upv kdyh pdujlqdo frvw S dqg up  surgxfhv rxwsxw ohyho &￿1
Wkhuh duh irxu vhfrqg0vwdjh htxloleulxp w|shv=
Uhjlrq ri fdsdflw| vsdfh Ilup 4 Ilup 5
EKcK &￿  &W
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fdsdflw| vsdfh> EKcK lqglfdwhv wkdw lq vhfrqg0vwdjh htxloleulxp/ up 4*v eudqfk
 lqwhuvhfwv zlwk up 5*v eudqfk 1
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Ohppd 6= Vhfrqg0vwdjh htxloleulxp sulfhv/ rxwsxwv/ dqg sd|rv iru wkh irxu
htxloleulxp w|shv ghvfulehg lq Ohppd 5 duh
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Htxloleulxp fdsdflw| uhdfwlrq ixqfwlrqv duh
Ilup m*v fdsdflw| Ilup l*v ehvw uhvsrqvh fdsdflw|
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￿ESn4￿E&2 lv wkh fdsdflw| ohyho wkdw mxvw doorzv up  wr surgxfh lwv Frxuqrw
ehvw0uhvsrqvh rxwsxw li erwk upv kdyh xqlw frvw S n 4 dqg up  lv surgxflqj
rxwsxw &￿1
Wkh uhdfwlrq ixqfwlrqv duh vkrzq lq Iljxuh :161
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Iljxuh :16= Fdsdflw| uhdfwlrq ixqfwlrqv/ Nuhsv ) Vfkhlqnpdq prgho zlwk surgxfw









ghqrwh wkh plqlpxp fdsdflw| wkdw shuplwv d up wr surgxfh wkh Frxuqrw htxl0
oleulxp rxwsxw ri wkh rqh0vkrw jdph zkhq erwk upv kdyh pdujlqdo frvw S n 41
Wkhruhp= Lq wkh xqltxh qrqfrrshudwlyh htxloleulxp ri wkh Nuhsv dqg Vfkhlqnpdq
prgho zlwk surgxfw glhuhqwldwlrq/ upv vhohfw fdsdflwlhv &￿ ' &￿ESn4￿ lq wkh uvw
vwdjh dqg vhw wkh Frxuqrw htxloleulxp sulfhv lq wkh vhfrqg vwdjh1
Surri= wklv iroorzv iurp wkh idfwv wkdw wkh vhjphqw ri wkh fdsdflw| uhdfwlrq ixqf0
wlrq wkdw lv ixqfwlrqdoo| lghqwlfdo wr wkh Frxuqrw txdqwlw| uhdfwlrq ixqfwlrq ulvh
deryh &W
￿ES￿/ wkh fdsdflw| ohyho wkdw shuplwv d up wr surgxfh wkh Ehuwudqg htxl0
oleulxp rxwsxw zkhq pdujlqdo frvw lv S/
&7 :&
W
￿ E S ￿
dqg wkdw Ehuwudqg htxloleulxp rxwsxw zlwk pdujlqdo frvw S lv juhdwhu wkdq Frxuqrw
htxloleulxp rxwsxw zlwk pdujlqdo frvw S n 4=
&
W
￿ES￿ :& ￿ E S n 4 ￿
Wkh uhdfwlrq ixqfwlrqv duh vkrzq lq Iljxuh :161 Iljxuh :17 vkrzv wkh sulfh
uhdfwlrq ixqfwlrqv iru wkh frqwlqxdwlrq jdph zkhq wkh qrqfrrshudwlyh htxloleulxp
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Iljxuh :17= Vhfrqg0vwdjh +e5/e5, htxloleulxp iru htxloleulxp fdsdflwlhv> erwk upv
+e4/e5/e8, sulfh uhdfwlrq ixqfwlrqv
57;1 Surri ri Ohppd 4
;141 +e4/e7/e8,
Uhzulwh up 4*v eudqfk rqh surw ixqfwlrq/ +815,/ lq whupv ri ghyldwlrqv iurp
pdujlqdo frvw=
Z￿ 'E R ￿S 
E  wE@  S  ER￿  SnwE R 2S 
K E  w
2
 4&￿ +;14,




E  wE@  S  2ER￿  SnwE R 2S 
K E  w
2
'f  +;15,
Qrwh wkdw +;15, lpsolhv wkdw zkhq wkh uvw0rughu frqglwlrq krogv/ up 4*v
rxwsxw lv
^￿ '
E  wE@  S  ER￿  SnwE R 2S 













Vroylqj +;15, iru R￿ jlyhv wkh htxdwlrq ri wkh eudqfk rqh +^￿ 	& ￿,v h j p h q wr i
up 4*v uhdfwlrq ixqfwlrq=
R￿ ' S n

2
dE  wE@  SnwE R 2S o +;18,
Iru R2 'f /
R
Ko
￿ Ef ' S n
E  wE@  S  wS
2
'
E  w@ n S
2

Ilup 4 zrxog vkxw grzq iru R￿ 	S 1 R Ko
￿ Ef lv juhdwhu wkdq ru htxdo wr S li
ydulhwlhv duh vx!flhqwo| glhuhqwldwhg/
E  wE@  S  wS  f
58ru +:16,







Dvvxph wklv frqglwlrq lv phw15 Wkhq lq wkh +e4/e7/e8, fdvh/ wkh lqlwldo srlqw










Hyhq wkrxjk up 4*v eudqfk rqh ehvw uhvsrqvh sulfh ulvhv dv R2 ulvhv iurp
R2 'f /R ￿ulvhv uhodwlyho| ohvv wkdq R2/ zlwk wkh uhvxow wkdw ^￿ ulvhv/ dqg ^2 idoov/
prylqj xs dorqj up 4*v eudqfk rqh sulfh uhdfwlrq ixqfwlrq1 Wklv frqwlqxhv xqwlo
R2 uhdfkhv vxfk d kljk ohyho wkdw ^2 idoov wr }hur1 Dv R2 ulvhv iurp wklv srlqw/ (￿
lq Iljxuh 917/ up 4*v sulfh ulvhv/ dqg ^￿ idoov/ prylqj dorqj wkh ^2 'folqh +up
4*v eudqfk irxu,1
Lw iroorzv wkdw iru up 4*v sulfh uhdfwlrq ixqfwlrq wr kdyh wkh +e4/e7/e8, frq0
jxudwlrq/ lwv fdsdflw| &￿ pxvw shuplw lw wr surgxfh wkh txdqwlw| ghpdqghg ri lw
dw srlqw (￿/ wkh lqwhuvhfwlrq ri up 4*v eudqfk rqh dqg up 4*v eudqfk irxu1
Wkh v|vwhp ri htxdwlrqv iruphg e| wkh htxdwlrq ri eudqfk rqh/ +;18,/ dqg wkh


























E @S   +;1;,
I l u p4 * ve u d q f kr q hd q ge u d q f ki r x ul q w h u v h f wd ws r l q w






2E @S  cSn
E  wE2 n w
2  w
2 E@  S
$
 +;1<,













































Wkh frqglwlrq iru up 4*v sulfh uhdfwlrq ixqfwlrq wr kdyh wkh +e4/e7/e8, frq0
jxudwlrq lv wkhq
&￿  &( +;145,
Ilup 4*v ehvw uhvsrqvh sulfh uxqv dorqj wkh ^2 'folqh xqwlo R￿ uhdfkhv wkh







EER2  S  E  wE@  S
R2 ' S n

2
E2  wE@  S  R2M
Wkh vhfrqg vhjphqw ri up 4*v Ehuwudqg ehvw uhvsrqvh ixqfwlrq lv wkh vwudljkw






E @S  cSn

2
E2  wE@  S
￿
 +;146,
Iru kljkhu ydoxhv ri R2/ up 4 fkdujhv wkh xqfrqvwudlqhg prqrsro| sulfh dqg
vhoov wkh xqfrqvwudlqhg prqrsro| txdqwlw|1
Li +;145, lv phw/ up 4*v uhdfwlrq ixqfwlrq kdv wkuhh vhjphqwv/ eudqfk rqh
iurp srlqw ￿ wr srlqw (￿/ eudqfk irxu iurp srlqw (￿ wr srlqw M￿/d q gy h u w l f d o
dw R￿ ' R￿M wkhuhdiwhu1
;151 Eudqfk wzr/ eudqfk yh
Dw srlqw ￿/ R2 'f > wkh txdqwlw| ghpdqghg ri up 4 dw srlqw ￿ dorqj up 4*v
eudqfk rqh +^￿ 	& ￿,l v
^ ￿ ￿'
R ￿ ￿S
K E  w
2
'






















eh wkh fdsdflw| wkdw lv mxvw vx!flhqw wr doorz wkh up wr surgxfh ^￿￿1
Li
&￿  &￿c +;149,
up 4 lv rq wkh fdsdflw| frqvwudlqhg +eudqfk wzr, vhjphqw ri lwv sulfh uhdfwlrq
ixqfwlrq xqwlo R2 ulvhv vr pxfk wkdw ^2 idoov wr }hur1
Li R2 'fdorqj eudqfk wzr/ wkhq iurp +819, up 4*v sulfh lv
R￿ ' wR2 nE w @K E  w
2&￿
R￿ 'E w  @K E  w
2&￿  R￿. +;14:,
Li &￿  &￿/ up 4*v uhdfwlrq ixqfwlrq ehjlqv dw srlqw
.￿E&￿GE R ￿ .cR 2.'
￿





Dw zkdw srlqw gr up 4*v eudqfk wzr dqg eudqfk irxu lqwhuvhfwB Vroyh wkh



































Wkh ^2 'folqh dqg wkh ^￿ ' &￿ o l q hl q w h u v h f wd ws r l q w
8 ￿E & ￿GE R ￿ 8cR 28'E @K&￿c@wK&￿ +;154,
+Iljxuh 914,1
Ilup 4*v eudqfk wzr dqg eudqfk irxu vhjphqwv lqwhuvhfw dw srlqw 8￿E&￿/z l w k
frruglqdwhv jlyhq e| +;154,1
Li ^2 'f / zh rewdlq wkh vdph uhvxowv li up 4*v frqvwudlqhg rswlpl}dwlrq
sureohp lv irupxodwhg zlwk sulfh ru zlwk txdqwlw| dv up 4*v ghflvlrq yduldeoh1
Zh surfhhg lq whupv ri txdqwlw|1
Iru R2  R28 dqg &￿  &￿/ u p4p d { l p l } h v
E @SK^￿^￿
5;vxemhfw wr wkh fdsdflw| frqvwudlqwv
&￿  ^￿
dqg vxemhfw wr wkh Nxkq0Wxfnhu lqhtxdolw| iru ^2 'firu wkh uhsuhvhqwdwlyh frq0
vxphu frqvwudlqhg rswlpl}dwlrq sureohp/
R2  @  wK^￿
D Odjudqjldq iru up 4*v frqvwudlqhg rswlpl}dwlrq sureohp lv
O￿ 'E @SK^￿^￿ n b￿E&￿  ^￿nb 2E R 2@nwK^￿
Wkh Nxkq0Wxfnhu frqglwlrqv duh
@  S  2K^￿  b￿ n wKb2  f ^￿d@S2K^￿  b￿ n wKb2o'f ^ ￿f
& ￿^ ￿f b ￿E & ￿^ ￿'f b ￿f
R 2@nwK^￿  f b2ER2 @ nwK^￿'f b 2f 
Vxssrvh ^￿ ' &￿ : f1W k h q
@  S  2 K^￿  b￿ n wKb2 'f 
Iru wklv wr eh d vroxwlrq/ zh pxvw dovr kdyh
R2  @  wK&￿ ' R28c







Zkhq &￿  &￿ dqg R2  R28/ up 4*v ehvw uhvsrqvh lv wr vhw sulfh R￿8 ' @K&￿
dqg vhoo dw fdsdflw|1
Zkhq fdsdflw| vdwlvhv +;149,/ wkh sulfh uhdfwlrq ixqfwlrq kdv d eudqfk wzr
vhjphqw frqqhfwlqj srlqw .￿E&￿ wr srlqw 8￿E&￿ dqg lv yhuwlfdo wkhuhdiwhu1
Iljxuh 914 vkrzv up 4*v EK2cKD sulfh uhdfwlrq ixqfwlrqv iru wkuhh dowhuqdwlyh
ohyhov ri &￿1D v & ￿idoov/ up 4*v eudqfk wzr vhjphqw vkliwv uljkw/ dqg wkh srlqw
dw zklfk up 4 vkliwv iurp lwv eudqfk wzr wr lwv eudqfk irxu pryhv xs wkh ^2 'f
olqh1
5<;161 Eudqfk rqh/ eudqfk wzr/ eudqfk yh dqg eudqfk rqh/ eudqfk wzr/
eudqfk irxu/eudqfk yh
Li &￿  &￿  &(/ up 4*v uhdfwlrq ixqfwlrq ehjlqv rq eudqfk rqh/ exw lwv fdsdflw|
lv qrw vx!flhqw wr doorz lw wr surgxfh dorqj eudqfk rqh xqwlo lw uhdfkhv eudqfk
irxu1 Li
&￿  &￿  &(c +;155,
wkhq zkhq R2 ulvhv vx!flhqwo| iurp R2 ' S/ up rqh pryhv iurp eudqfk rqh wr
eudqfk wzr1
Zkdw lv wkh srlqw ri lqwhuvhfwlrq ri eudqfk rqh dqg eudqfk wzrB Wkh htxdwlrqv
ri eudqfk rqh dqg eudqfk wzr duh
2ER￿  S  wER2  S'E w E@  S
dqg
R￿  wR2 'E w  @K E  w
2&￿
uhvshfwlyho|1
Uhzulwwhq lq whupv ri ghyldwlrqv iurp S/ wkh v|vwhp ri htxdwlrqv iruphg e|





































Wkh srlqw ri lqwhuvhfwlrq ri eudqfk rqh dqg eudqfk wzr lv
C￿E&￿= ER￿CcR 2C'
#
SnK E  w
2&￿cSn
2KE  w




+Iljxuhv 915 dqg 916,1
E| +;144,/ &( :^ 6 E S ￿1 Rq wkh rwkhu kdqg/ &￿ lv ohvv wkdq ^6ES￿=








63f  &￿  &￿ +e5/e8, .￿E&￿  8￿E&￿ yhuwlfdo
&￿  &￿  ^6ES￿ +e4/e5/e8, ￿  C￿E&￿  8￿E&￿ yhuwlfdo
^6ES￿  &￿  &( +e4/e5/e7/e8, ￿  C￿E&￿  8￿E&￿￿  M￿ yhuwlfdo
&(  &￿ +e4/e7/e8, ￿  (￿  M￿ yhuwlfdo














Iru &￿  &￿  ^6ES￿/ up 4*v uhdfwlrq ixqfwlrq kdv wkuhh vhjphqwv/ eudqfk rqh
iurp srlqw ￿ wr srlqw C￿E&￿/e u d q f kw z ri u r ps r l q wC ￿E & ￿wr srlqw 8￿E&￿/d q g
yhuwlfdo +eudqfk yh, wkhuhdiwhu> vhh Iljxuh 9151
Iru ^6ES￿  &￿  &(/ up 4*v uhdfwlrq ixqfwlrq kdv irxu vhjphqwv/ eudqfk rqh
iurp srlqw ￿ wr srlqw C￿E&￿/e u d q f kw z ri u r ps r l q wC ￿ E & ￿ wr srlqw 8￿E&￿/
eudqfk irxu iurp srlqw 8￿E&￿ wr srlqw M￿/ dqg yhuwlfdo +eudqfk yh, wkhuhdiwhu>
vhh Iljxuh 9161
;171 Vxppdu|
Wkh uhvxowv rewdlqhg deryh duh vxppdul}hg lq Wdeoh ;141
<1 Surri ri Ohppd 5
<141 Fhoo +7/7,
Iljxuh <14 vkrzv dq htxloleulxp zlwk erwk upv rq eudqfk rqh ri wkhlu sulfh
uhdfwlrq ixqfwlrqv zkhq erwk upv kdyh uhdfwlrq ixqfwlrqv zlwk frqjxudwlrq
+e4/e7/e8,1 Wklv frpelqdwlrq ri sulfh uhdfwlrq ixqfwlrqv rffxuv lq wkh +7/7, fhoo
ri Iljxuh :141
Zkhq erwk upv kdyh +e4/e7/e8, uhdfwlrq ixqfwlrqv/ htxloleulxp rffxuv dw wkh
lqwhuvhfwlrq ri wkh eudqfk rqh vhjphqwv li srlqw (￿ olhv deryh up 5*v eudqfk rqh
dqg srlqw (2 olhv wr wkh uljkw ri up 4*v eudqfk rqh1
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Iljxuh <14= EKcK vhfrqg0vwdjh htxloleulxp/ erwk upv EKcKecKD sulfh uhdfwlrq
ixqfwlrqv
65Wkh htxdwlrq ri wkh eudqfk rqh vhjphqw ri up 5*v sulfh uhdfwlrq ixqfwlrq lv
wER￿  Sn2 E R 2S 'E w E@  S +<14,
Wkh frqglwlrq iru srlqw (￿ wr olh deryh up 5*v eudqfk rqh lv
wER￿(  Sn2 E R 2 (S E  wE@  S +<15,
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z k l f kl vd o z d | vw k hf d v h 1 L qw k hv d p hz d | /s r l q w( 2lv dozd|v wr wkh uljkw
ri up rqh*v eudqfk wzr lq fhoo +7/7,1 Zkhq erwk upv kdyh +e4/e7/e8, sulfh
uhdfwlrq ixqfwlrqv/ htxloleulxp dozd|v rffxuv dw wkh lqwhuvhfwlrq ri wkh eudqfk rqh
vhjphqwv1
<151 Fhoo +6/7,
Wklv frqjxudwlrq lv vkrzq lq Iljxuh <151 Rqh frqglwlrq iru +e4/e4, htxloleulxp
lq fhoo +6/7, lv wkdw srlqw (2 eh wr wkh uljkw ri up 4*v eudqfk 4> e| wkh dujxphqw
ri Vhfwlrq <14/ wklv frqglwlrq lv dozd|v phw1 Wkh vhfrqg frqglwlrq lv wkdw srlqw
C￿ eh deryh up wzr*v eudqfk rqh1
Wkh frruglqdwhv ri srlqw C￿E&￿ duh
ER￿CcR 2C'
#
SnK E  w
2&￿cSn
2KE  w
2&￿  E  wE@  S
w
$
Iurp +<14,/ wkh frqglwlrq iru srlqw C￿ wr olh deryh up 5*v eudqfk rqh lv
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zkhuh/ iurp +717,/ wkh fdsdflw| ohyho &W
￿ES￿ lv wkh fdsdflw| ohyho wkdw lv mxvw vx!flhqw
wr doorz wkh up wr surgxfh Ehuwudqg htxloleulxp rxwsxw zkhq erwk upv kdyh
pdujlqdo frvw S1




lq fhoo +6/7,/ htxloleulxp lv ri w|sh +e4/e5, +vhh Iljxuh <16,1
E| vlplodu dujxphqwv/ lq fhoo +7/6,/ htxloleulxp lv ri w|sh +e4/e4, iru &2  &W
￿ES￿
dqg htxloleulxp lv ri w|sh +e5/e4, iru &2  &W
￿ES￿1
<161 Fhoo +5/7,
Vhfrqg0vwdjh htxloleulxp lv ri w|sh +e4/e4, iru &￿  &W
￿ES￿/ dv vkrzq lq Iljxuh <171
Vhfrqg0vwdjh htxloleulxp lv ri w|sh +e5/e4, iru &￿  &W
￿ES￿/d vv k r z ql qI l j x u h
<181
Lq wkh vdph zd|/ vhfrqg0vwdjh htxloleulxp lq fhoo +7/5, lv ri w|sh +e4/e4, iru
&2  &W




Wkh frqglwlrqv iru +e5/e4, vhfrqg0vwdjh htxloleulxp lq fhoo +4/7,/ dv vkrzq lq
Iljxuh <19/ duh wkdw srlqw 8￿ eh deryh up 5*v eudqfk rqh dqg wkdw srlqw (2 eh
wr wkh uljkw ri up 4*v eudqfk 51
Wkh frruglqdwhv ri srlqw 8￿ duh
ER￿8cR 28'E @K&￿c@wK&￿c
dqg wkh frqglwlrq iru srlqw 8￿ wr eh deryh up 5*v eudqfk rqh lv
wER￿8  S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Iljxuh <19= Ilup 4*v sulfh uhdfwlrq ixqfwlrq/ &￿  &￿
6<wE@  S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E@S*K lv wkh orqj0uxq htxloleulxp rxwsxw ri d shuihfwo| frpshwlwlyh lqgxvwu|>
+ < 1 8 ,z l o oe hp h wi r ud o o& ￿ri lqwhuhvw1
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Wkh frqglwlrq iru srlqw (2 wr eh wr wkh uljkw ri up 4*v eudqfk wzr lv
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E @S  
K E n w&￿  f
dqg wklv frqglwlrq lv dozd|v phw1
Lq fhoo +4/7,/ vhfrqg0vwdjh htxloleulxp lv ri w|sh +e5/e4,1 Lq fhoo +7/4,/ vhfrqg0
vwdjh htxloleulxp lv ri w|sh +e4/e5,1
<181 Fhoo +6/6,
Fhoo +6/6, lv ghqhg e| wkh lqhtxdolwlhv ^6ES￿  &￿  &(/ ^6ES￿  &2  &(1
Iljxuh <1: vkrzv d vhfrqg0vwdjh htxloleulxp zlwk erwk upv rq eudqfk rqh ri
wkhlu +e4/e5/e7/e8, uhdfwlrq ixqfwlrqv/ surgxflqj ohvv wkdq fdsdflw|1 Wklv frpel0
qdwlrq ri sulfh uhdfwlrq ixqfwlrqv rffxuv lq wkh +6/6, fhoo ri Iljxuh :141
Wkh frqglwlrqv iru vhfrqg0vwdjh htxloleulxp wr kdyh wklv frqjxudwlrq duh wkdw
srlqw C￿E&￿ e hd e r y h u p5 * ve u d q f kr q hd q gs r l q wC 2 E & 2 eh wr wkh uljkw ri
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wklv frqglwlrq lv dozd|v vdwlvhg/ dqg lq fhoo +6/6, wkh vhfrqg0vwdjh htxloleulxp lv
dozd|v ri w|sh lv +e5/e5,1
<191 Fhoo +5/6,
Iljxuh <1; vkrzv d +e5/e4, vhfrqg0vwdjh htxloleulxp zkhq up 4 kdv d +e4/e5/e8,
sulfh uhdfwlrq ixqfwlrq dqg up 5 kdv d +e4/e5/e7/e8, sulfh uhdfwlrq ixqfwlrq1
Wklv frpelqdwlrq ri sulfh uhdfwlrq ixqfwlrqv rffxuv lq wkh +5/6, fhoo ri Iljxuh :141
Wkh frqglwlrqv iru vxfk dq htxloleulxp duh uvw wkdw srlqw 8￿E&￿ eh deryh
up 5*v eudqfk rqh zkloh srlqw C￿E&￿ lv ehorz up 5*v eudqfk rqh/ dqg vhfrqg
wkdw srlqw C2E&2 eh wr wkh uljkw ri up 4*v eudqfk wzr1
Iurp Vhfwlrq <17/ srlqw 8￿E&￿ lv deryh up 5*v eudqfk rqh iru doo &￿ ri lqwhuhvw1
Iurp Vhfwlrq <15/ wkh frqglwlrq iru srlqw C￿E&￿ wr eh ehorz up 5*v eudqfk rqh
lv wkdw &￿  &W
￿ES￿1










Wkh frqglwlrq iru srlqw C2E&2 wr eh wr wkh uljkw ri up 4*v eudqfk wzr lv
R￿  S  wER2  S  E  wE@  S  E  w
2K&￿
2E  w
2K&2  E  wE@  S
w
 wE  w
2K&2  E  wE@  S  E  w
2K&￿
2E  w
2K&2  E  wE@  S  w
2E  w



























￿ES￿E&￿ lv wkh fdsdflw| ohyho wkdw lv mxvw vx!flhqw wr doorz up 5 wr surgxfh
lwv Ehuwudqg ehvw uhvsrqvh rxwsxw li up 5*v pdujlqdo frvw lv S d q g u p4 * vr x w s x w
lv &￿1
Li +<19, lv phw/ vhfrqg0vwdjh htxloleulxp lq fhoo +5/6, lv ri w|sh +e5/e4,1 Li
&2  &Ko
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Iljxuh <1;= +e5/e4, vhfrqg0vwdjh htxloleulxp/ up 4 +e4/e5/e8, sulfh uhdfwlrq
ixqfwlrq/ up 5 +e4/e5/e7/e8, sulfh uhdfwlrq ixqfwlrq
76<1:1 Fhoo +4/6,
Fhoo +4/6, lv ghqhg iru ^6ES￿  &2  &(/ f  &￿  &￿1 Wkh frqglwlrqv iru
htxloleulxp wr rffxu dw wkh lqwhuvhfwlrq ri wkh eudqfk wzr vhjphqwv ri wkh sulfh
uhdfwlrq ixqfwlrqv lq fhoo +4/6, duh wkdw srlqw 8￿E&￿ eh deryh up 5*v eudqfk wzr/
wkdw srlqw 82E&2 eh wr wkh uljkw ri up 4*v eudqfk wzr/ dqg wkdw srlqw C2E&2 eh
wr wkh ohiw ri up 4*v eudqfk wzr1
Wkh frruglqdwhv ri srlqw 8￿E&￿ duh
ER￿8cR 28'E @K&￿c@wK&￿
Wkh htxdwlrq ri up 5*v eudqfk wzr lv
wER￿  SnR 2S'E w E@  S  E  w
2K&2
Wkh frqglwlrq iru srlqw 8￿E&￿ wr eh deryh up 5*v eudqfk wzr lv
wE@  S  K&￿n@SwK&￿  E  wE@  S  E  w
2K&2
wE@  SnwK&￿ n@ S wK&￿  E  wE@  S  E  w
2K&2
&2  fc
d q gw k l vl vv d w l v  h gi r ud o o& 21
Lq wkh vdph zd|/ srlqw 82E&2 lv dozd|v wr wkh uljkw ri up 4*v eudqfk wzr1





dqg li wklv frqglwlrq lv phw/ wkh vhfrqg0vwdjh htxloleulxp lq fhoo +4/6, lv ri w|sh
+e5/e5,1 Li lqvwhdg &2  &Ko
￿ES￿E&￿/ vhfrqg0vwdjh htxloleulxp lq fhoo +4/6, lv ri w|sh
+e5/e4,1
Lq wkh vdph zd|/ lq fhoo +6/5,/ vhfrqg0vwdjh htxloleulxp lv ri w|sh +e4/e5, li
&￿  &Ko
￿ES￿E&2 dqg ri w|sh +e5/e5, li &￿  &Ko
￿ES￿E&21
<1;1 Fhoo +5/5,
Fhoo +5/5, lv ghqhg e| wkh lqhtxdolwlhv &￿  &￿  ^6ES￿/ &￿  &2  ^6ES￿1
Iljxuh :17 vkrzv d vhfrqg0vwdjh +e5/e5, htxloleulxp lq fhoo +5/5,1 Wkh frqgl0
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Iljxuh <1<= +e5/e5, vhfrqg0vwdjh htxloleulxp/ fhoo+4/6,
78ehorz up 5*v eudqfk wzr/ 82E&2 wr wkh uljkw ri up 4*v eudqfk wzr/ dqg C2E&2
wr wkh ohiw ri up 4*v eudqfk wzr1
Iurp Vhfwlrq <1:/ 8￿E&￿ dqg 82E&2 dozd|v kdyh wkh uhtxluhg srvlwlrqv/ zkloh
C￿E&￿ dqg C2E&2 kdyh wkh uhtxluhg srvlwlrqv li
&￿  &
W
￿ES￿E&2/ &2  &
W
￿ES￿E&￿ +<1:,
Li +<1:, lv qrw phw/
&￿  &
W
￿ES￿E&2/ &2  &
W
￿ES￿E&￿c +<1;,
fhoo +5/5, vhfrqg0vwdjh htxloleulxp lv ri w|sh +e4/e4,1
Li srlqw 8￿E&￿ l vd e r y h u p5 * ve u d q f kw z r /s r l q wC ￿E & ￿ehorz up 5*v eudqfk
wzr/ dqg srlqw C2E&2 wr wkh uljkw ri up 4*v eudqfk wzr/ wkhq vhfrqg0vwdjh
htxloleulxp lv ri w|sh +e5/e4,1 Iurp Vhfwlrq <19/ wkh frqglwlrq iru srlqw C2E&2




Wkxv wkh frqglwlrqv iru +e5/e4, vhfrqg0vwdjh htxloleulxp lq fhoo +5/5, duh
&￿  &
W
￿ES￿E&2/ &2  &
Ko
￿ES￿E&￿ +<1<,








Fhoo +4/5, lv ghqhg e| wkh lqhtxdolwlhv f  &￿  &￿/ &￿  &2  ^6ES￿1
Iljxuh <143 vkrzv d +e5/e5, vhfrqg0vwdjh htxloleulxp lq fhoo +4/5,1 Wkh frqgl0
wlrqv iru wkh w|sh ri htxloleulxp wr rffxu duh wkdw srlqw 8￿E&￿ eh deryh up 5*v
eudqfk wzr/ srlqw 82E&2 eh wr wkh uljkw ri up 4*v eudqfk +zklfk frqglwlrqv duh
dozd|v vdwlvhg/ dqg wkdw srlqw .￿E&￿ eh ehorz up 5*v eudqfk wzr/ zkloh srlqw
C2E&2 eh wr wkh uljkw ri up 4*v eudqfk wzr1
Srlqw .￿E&￿/ zklfk lv rq wkh krul}rqwdo d{lv/ lv dozd|v ehorz up 5*v eudqfk
wzr1 Iurp Vhfwlrq <19/ wkh frqglwlrq iru srlqw C2E&2 wr eh wr wkh uljkw ri up
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Iljxuh <143= Ilup 4*v sulfh uhdfwlrq ixqfwlrq/ &￿  &￿




vhfrqg vwdjh htxloleulxp lq fhoo +4/5, lv ri w|sh +e5/e5,1








wkhq vhfrqg0vwdjh htxloleulxp lq fhoo +5/4, lv ri w|sh +e4/e5,1
<1431 Fhoo +4/4,
Fhoo +4/4, lv ghqhg e| wkh lqhtxdolwlhv f  &￿  &￿/ f  &2  &￿1
Iljxuh <144 vkrzv d vhfrqg0vwdjh +e5/e5, htxloleulxp lq fhoo +4/4,1 Wkh frq0
glwlrqv iru fhoo +4/5, vhfrqg0vwdjh htxloleulxp wr kdyh wklv irup duh wkdw srlqw
8￿E&￿ eh deryh up 5*v eudqfk wzr zkloh srlqw 82E&2 lv wr wkh uljkw ri up 4*v
eudqfk wzr1 Wkhvh frqglwlrqv duh dozd|v vdwlvhg1
431 Surri ri Ohppd 6
43141 EKcK
Lq EKcK htxloleulxp/ htxloleulxp sulfhv duh wkh Ehuwudqg htxloleulxp sulfhv zlwk
pdujlqdo frvw htxdo wr S=
RK￿K￿ ' S n
  w
2  w
E@  S( +4314,
+vhh +716,,> htxloleulxp txdqwlwlhv duh
^K￿K￿ '

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Iljxuh <144= EK2cK2 htxloleulxp/ erwk upv EK2cKD uhdfwlrq ixqfwlrqv
7<43151 EK2cK2





















R￿K2K2 ' @  KE&￿ n w&2 +4318,
R2K2K2 ' @  KEw&￿ n&2c +4319,
zklfk vlpso| uhfryhuv wkh htxdwlrqv ri wkh lqyhuvh ghpdqg fxuyhv +5144,/ +5145,1
Htxloleulxp rxwsxwv duh &￿ dqg &21 Vhfrqg0vwdjh sd|r ixqfwlrqv duh
Z￿K2K2 'E @S4K E & ￿nw&2&￿ +431:,
Z2K2K2 'E @S4K E w&￿ n&2&2 +431;,
43161 EK2cK








wkhq htxloleulxp rffxuv zkhuh up 4*v eudqfk wzr lqwhuvhfwv up 5*v eudqfk rqh1
Wklv fdvh lv v|pphwulf zlwk wkh EKcK2 htxloleulxp1
Ilup 4 lv fdsdflw| frqvwudlqhg> wkh htxdwlrq ri up 4*v sulfh uhdfwlrq ixqfwlrq
lv +819,
R￿ ' wR2 nE w @K E  w
2&￿c
ru/ uhzulwwhq lq whupv ri ghyldwlrqv iurp S/
R￿  S  wER2  S'E w E@  S  KE  w
2&￿
Ilup lv qrw fdsdflw| frqvwudlqhg> wkh htxdwlrq ri up 5*v sulfh uhdfwlrq ixqf0
wlrq lv +<14,






















R￿K2K￿ ' S n








2 E@  S  wK&￿ +43145,




























Wkh htxdwlrq ri wkh eudqfk rqh vhjphqw ri up 4*v sulfh uhdfwlrq ixqfwlrq lv
2ER￿  S  wER2  S'E w E@  S +43149,
Wkh htxdwlrq ri wkh eudqfk wzr vhjphqw ri up 5*v uhdfwlrq ixqfwlrq lv
R2 ' wR￿ nE w @K E  w
2&2 +4314:,
Uhzulwh +4314:, lq whupv ri ghyldwlrqv iurp S=
wER￿  SnR 2S'E w E@  S  KE  w
2&2




















84Htxloleulxp sulfhv lq EKcK2 htxloleulxp duh




2 E@  S  wK&2 +4314<,
R2K￿K2 ' S n




Ilup 4 lv rq eudqfk rqh ri lwv uhdfwlrq ixqfwlrq> iurp +;16,/ wkh txdqwlw|






























Ilup 5*v vhfrqg0vwdjh sd|r lv
Z2K￿K2 'E R 2 K ￿ K 2S4  & 2'
%






441 Surri ri Ohppd 7
E| wkh zd| lq zklfk wkh uvw0vwdjh sd|r ixqfwlrqv duh ghulyhg/ wkh| pxvw eh
frqwlqxrxv lq fdsdflwlhv1 Wklv kdv ehhq yhulhg/ exw wkh ghwdlov ri wkhvh sduwv ri
wkh surri duh rplwwhg1
44141 Orzhu uhjlrq= &2  &W
￿ES￿
Ohw &2  &W





E@  S  4  KE&￿ n w&2&￿ f  &￿  &Ko





￿ES￿E&2  &￿ EKcK2
 +4414,
Li &￿  &Ko
￿ES￿E&2/ vhfrqg0vwdjh htxloleulxp rffxuv zkhuh erwk upv duh rq
eudqfk wzr/ surgxflqj dw fdsdflw|1
E| +4318,/ up 4*v htxloleulxp sulfh lv jlyhq e| wkh htxdwlrq ri lwv lqyhuvh
ghpdqg fxuyh/ zulwlqj fdsdflwlhv lq sodfh ri txdqwlwlhv ghpdqghg=
R￿ ' @  KE&￿ n w&2
Lwv sd|r lv
Z￿E&￿c& 2'E R ￿S4  & ￿'E @S4K E & ￿nw&2&￿ +4415,
Li &￿  &Ko
￿ES￿E&2/ wkhq lq vhfrqg0vwdjh htxloleulxp/ up 4 lv rq lwv eudqfk rqh











Iru wkh qxphulfdo h{dpsoh/ up 4*v sd|r ixqfwlrq iru &2 'elv vkrzq lq
Iljxuh 44141
Frpsdulqj +4415, dqg +719,/ iru &￿  &Ko
￿ES￿E&2/ up 4*v sd|r ixqfwlrq kdv wkh
vdph ixqfwlrqdo irup dv up 4*v sd|r ixqfwlrq lq wkh vwdqgdug Frxuqrw gxrsro|
prgho zlwk surgxfw glhuhqwldwlrq dqg pdujlqdo frvw Sn4/ +719,/ dqg wkh fdsdflw|
wkdw pd{lpl}hv up *v sd|r lq wkh ohiw0kdqg uhjlrq &￿  &Ko
￿ES￿E&2/z k l f kz l w kd











kdv wkh vdph ixqfwlrqdo irup dv wkh Frxuqrw ehvw uhvsrqvh rxwsxw zlwk pdujlqdo
frvw S n 4/ +71:,1
Lq rughu iru +4417, wr jlyh wkh ydoxh wkdw pd{lpl}hv up 4*v htxloleulxp surw
lq wkh EK2cK2 uhjlrq/ wkh fdsdflw| ohyho lghqwlhg e| +4417, pxvw eh lq wkh EK2cK2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Iljxuh 4414= Ilup 4*v surw ixqfwlrq/ &2 'e
87&2 
w







































dqg wkh joredo pd{lpxp ri +4415, rffxuv zlwklq wkh EK2cK2 uhjlrq1
Wr wkh uljkw ri wkh olqh &￿ ' &Ko









lv lwv sd|r iru +e4/e5, htxloleulxp1 Wklv lv pd{lpl}hg e| pdnlqj &￿ dv vpdoo
dv srvvleoh zlwklq wkh uhohydqw uhjlrq/ wkdw lv/ e| vhwwlqj &￿ ' &W
￿ES￿1V l q f h w k h
sd|r ixqfwlrq lv frqwlqxrxv/ dqg ulvlqj prylqj wr wkh ohiw iurp &￿ ' &Ko
￿ES￿E&2/
wkh joredo pd{lpxp ri wkh sd|r ixqfwlrq iru wkh ohiw0kdqg vhjphqw rffxuv zlwklq













zklfk lv wkh htxdwlrq ri wkh vhjphqw ri up 4*v fdsdflw| ehvw uhvsrqvh ixqfwlrq
f  &2  &W
￿ES￿1
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wkdw lv/ e| vhwwlqj &￿ ' &W
￿ES￿1 E| frqwlqxlw| ri wkh sd|r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 ixqfwlrq ulvhv prylqj ohiw iurp wkh erxqgdu| &￿ ' &W
￿ES￿/w k hj o r e d o
pd{lpxp lq wkh wrs uhjlrq rffxuv dw +441<,1
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Iljxuh 4416= Fdsdflw| uhdfwlrq ixqfwlrqv/ xsshu dqg orzhu vhjphqwv/ Nuhsv )
Vfkhlqnpdq prgho zlwk surgxfw glhuhqwldwlrq
8;44161 Plggoh uhjlrq= &W
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 ixqfwlrq kdv wkuhh vhjphqwv=
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Lq wklv uhjlrq/ up 4*v sd|r lv wkdw ri EK2cK2 htxloleulxp> wklv fdvh kdv ehhq
dqdo|}hg lq Vhfwlrq 44141




















Wkh frqglwlrq iru &Ko
￿￿J￿o wr eh zlwklq wkh ohiw0kdqg udqjh ri wkh plggoh uhjlrq lv
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zkhuh wkh vljq ghshqgv rq wkh dvvxpswlrq wkdw +4417,/ up rqh*v ehvw0uhvsrqvh
fdsdflw| lq wkh xsshu uhjlrq/ lv srvlwlyh1





























Iru up 5 fdsdflw| ohyhov idoolqj lq wkh udqjh
&
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￿ES￿  &2  &￿u￿?|c +44148,
&Ko
￿￿J￿o lv lqwhulru wr wkh ohiw0kdqg vhjphqw ri wkh plggoh uhjlrq/ up 4*v sd|r
ixqfwlrq kdv dq lqwhulru pd{lpxp dw &Ko
￿￿J￿o rq wkh ohiw0kdqg vhjphqw/ dqg up
4*v sd|r dw wklv pd{lpxp lv
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zkhuh rqfh djdlq wkh vljq ghshqgv rq wkh dvvxpswlrq wkdw +4417,/ up rqh*v
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954416161 Uljkw vhjphqw= &W
￿ES￿  &￿
Ilup 4*v sd|r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lv pd{lpl}hg e| pdnlqj &￿ dv vpdoo dv srvvleoh zkloh uhpdlqlqj lq wkh uhjlrq/
&￿ ' &W
￿ES￿1
4416171 Plggoh uhjlrq= ryhudoo
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￿ES￿  &2  &￿￿￿?| lqwhulru pd{ ohiw erxqgdu| ohiw lqwhulru pd{
&￿￿￿?| &2 &￿u￿?| lqwhulru pd{ lqwhulru pd{ B
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23w2
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K uljkw erxqgdu| lqwhulru pd{ plggoh lqwhulru pd{
Wdeoh 4414= Pd{lpd/ plggoh uhjlrq
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wkh joredo pd{lpxp ri up 4*v sd|r ixqfwlrq lv &Ko
￿￿J￿oE&2/z k l f kw k h u h i r u hl v
wkh ehvw0uhvsrqvh fdsdflw| iru f  &2  &￿￿￿?|1
Iru

















zklfk wkhuhiruh lv up 4*v ehvw uhvsrqvh fdsdflw| iru &￿u￿?|  &21
Iljxuh 4417 h{whqgv wkh vhjphqwv ri wkh uhdfwlrq ixqfwlrqv vkrzq lq Iljxuh
4416 wr lqfoxgh wkh xsshu dqg orzhu vhjphqwv ri wkh plggoh udqjh ri wkh uhdfwlrq
ixqfwlrqv1
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Iljxuh 4417= Fdsdflw| uhdfwlrq ixqfwlrqv/ xsshu dqg orzhu vhjphqwv/ xsshu dqg
orzhu vhjphqwv ri plggoh udqjh/ Nuhsv ) Vfkhlqnpdq prgho zlwk surgxfw glhu0
hqwldwlrq
98Iru
&￿￿￿?|  &2  &￿u￿?|
up 4*v sd|r ixqfwlrq kdv wzr orfdo pd{lpd/ &Ko
￿￿J￿oE&2 rq wkh ohiw vhjphqw dqg
&Ko
￿K2K￿ rq wkh plggoh vhjphqw1
































Zh qhhg wr frpsduh up 4*v sd|rv dw wkh wzr orfdo pd{lpd wr ghwhuplqh wkh
joredo pd{lpxp1












































Zkhq &2 ' &￿￿￿?|/ wkh glhuhqfh ehwzhhq up 4*v sd|rv dw wkh ohiw dqg
































Dw wkh vpdoohvw ohyho ri &2 iru zklfk up 4*v sd|r ixqfwlrq kdv wzr orfdo
pd{lpd/ wkh joredo pd{lpd lv lq wkh fhqwhu vhjphqw1
Qrz frpsduh sd|rv dw wkh wzr orfdo pd{lpd iru wkh odujhvw ydoxh ri &2 iru












































































































































Wkh sd|r dw wkh fhqwhu orfdo pd{lpd idoov dv &2 ulvhv1 Sd|rv dw wkh wzr
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Iljxuhv 4418 dqg 4419 looxvwudwh wkh surw ixqfwlrq lq wkh plggoh vhjphqw ri



























                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
￿

Iljxuh 4418= Ilup 4*v surw ixqfwlrq/ &2 'D  eSb
Iljxuh 4418 vkrzv up 4*v sd|r ixqfwlrq iru &2 'D  eSb/z k l f kl vp l g z d |
ehwzhhq &￿￿￿?| dqg &71 Wkh sd|r ixqfwlrq kdv wzr orfdo pd{lpd/ dqg wkh joredo
p d { l p x pl vr qw k ho h i w 1
Iljxuh 4419 vkrzv up 4*v sd|r ixqfwlrq iru &2 'D  2fHb/z k l f kl vp l g z d |
ehwzhhq &7 dqg &￿u￿?|1 Wkh sd|r ixqfwlrq kdv wzr orfdo pd{lpd/ dqg wkh joredo
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Iljxuh 4419= Ilup 4*v surw ixqfwlrq/ &2 'D  2fHb
9<Iru wkh qxphulfdo h{dpsoh/ dw wkh vzlwfk srlqw ehwzhhq wkh wzr eudqfkhv ri
















Wkh fdsdflw| uhdfwlrq ixqfwlrqv duh vkrzq lq Iljxuh :161 Iljxuh :17 vkrzv
wkh sulfh uhdfwlrq ixqfwlrqv iru wkh frqwlqxdwlrq jdph zkhq wkh qrqfrrshudwlyh
htxloleulxp fdsdflw| ohyhov duh fkrvhq lq wkh uvw vwdjh1
451 Qxphulfdo H{dpsoh
Wkh jxuhv duh gudzq iru d sduwlfxodu vhw ri sdudphwhu ydoxhv/
 @ ' 2+sulfh0d{lv lqwhufhsw ri wkh lqyhuvh ghpdqg fxuyh,
 K '+devroxwh ydoxh ri wkh vorsh ri wkh lqyhuvh ghpdqg fxuyh,
 S '+pdujlqdo surgxfwlrq frvw,
 4 '+frvw shu xqlw ri fdsdflw|,
 w ' * 2+surgxfw glhuhqwldwlrq sdudphwhu,1
Wkh xqlwv lq zklfk fdsdflw| lv phdvxuhg duh qrupdol}hg vr wkdw rqh xqlw ri fdsdflw|
doorzv surgxfwlrq ri rqh xqlw ri rxwsxw1










Wkh fdsdflw| ohyhov &￿ dqg &( duh hydoxdwhg iru wkh qxphulfdo h{dpsoh lq
Wdeoh 45141
Ydoxhv iru wkh qrghv ri wkh vhjphqwv ri wkh sulfh uhdfwlrq ixqfwlrq duh jlyhq
lq Wdeoh 45151
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Wdeoh 4515= Qrghv ri up 4*v sulfh uhdfwlrq ixqfwlrq/ qxphulfdo h{dpsoh rqh/
qxphulfdo h{dpsoh rqh
&￿  &￿ '   +e5/e8, uhdfwlrq ixqfwlrq
 ' &￿  &￿  ^6ES￿ 'D  D +e4/e5/e8, uhdfwlrq ixqfwlrq
DD'^ 6 E S ￿& ￿& ('S  2HD. +e4/e5/e7/e8, uhdfwlrq ixqfwlrq
S2HD. ' &(  &￿ 
@3S34
K ' f +e4/e7/e8, uhdfwlrq ixqfwlrq
Wkh +e5/e8, uhdfwlrq ixqfwlrq dulvhv iru &￿  &￿ '  1 Wkh frruglqdwhv
r iw k hs r l q w vl qI l j x u h9 1 4d u hj l y h ql qW d e o h4 5 1 6 1
Iru   &￿  ^6ES￿ 'D  D / up 4*v sulfh uhdfwlrq ixqfwlrq lv ri irup
+e4/e5/e8,1 Wkh srlqwv xvhg lq Iljxuh 914 duh jlyhq lq Wdeoh 45171
Iru DD'^ 6 E S ￿& ￿& ('S  2HD./ up 4*v sulfh uhdfwlrq ixqfwlrq lv ri irup
+e4/e5/e7/e8,1
Iru S2HD. ' &(  &￿ 
@3S34
K ' f / up 4*v sulfh uhdfwlrq ixqfwlrq lv ri irup





Wdeoh 4516= Srlqwv .E&￿ dqg 8E&￿/ dowhuqdwlyh ydoxhv ri &￿
:4&￿ ￿ CE&￿ 8E&￿
eff EDcf Eec2 EHcf
DD EDcf ED2DcSD ESDcb2D
Wdeoh 4517= Srlqwv 8E&￿ dqg CE&￿/ dowhuqdwlyh ydoxhv ri &￿
&￿ ￿ CE&￿ 8E&￿ M￿
Sff EDcf EDDcH EScb ESDcb2D
S2D EDcf EDSH.DcH.D ED.DcHH.D ESDcb2D
Wdeoh 4518= Srlqwv 8 E&￿/ CE&￿/d q gM E & ￿ / dowhuqdwlyh ydoxhv ri &￿
 ￿ 'E   D cf
 (￿ 'E D  .ecHHD.
 M￿ 'E S  D cb  2D




















Iru wkh qxphulfdo h{dpsoh/ sulfhv duh
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Lq wkh qxphulfdo h{dpsoh/ zkhq &2 'e /w k h& ￿frruglqdwh ri wkh erughu
















:5dqg wkh ydoxh ri surw dw wklv srlqw lv 4719<6;;1
Iru wkh qxphulfdo h{dpsoh/ wkh htxdwlrq ri wkh ehvw uhvsrqvh ixqfwlrq ryhu
wkh udqjh f  &2  ee















Hqgsrlqwv duh EfcD dqg E...HceHHHb1











dqg wkh ydoxh ri +4417, lv
E  ￿
2E2 n ￿





Iru wkh qxphulfdo h{dpsoh/ +44147, lv
&2 
E2  ￿
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eHHHb  &2  S2HD.
Iru
eHHHb  &2  D2fHc















dqg lwv sd|r dw wklv fdsdflw| lv
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lv wkh htxdwlrq ri up 4*v fdsdflw| ehvw uhvsrqvh ixqfwlrq iru EfcD wr E.ecDe2b1
&￿u￿?| '
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Erzoh|/ D1 O1 Wkh Pdwkhpdwlfdo Jurxqgzrun ri Hfrqrplfv1 R{irug= R{irug
Xqlyhuvlw| Suhvv/ 4<571
Gdylgvrq/ Fduo dqg Ghqhfnhuh/ Ud|prqg Orqj0uxq frpshwlwlrq lq fdsdflw|/
vkruw0uxq frpshwlwlrq lq sulfh/ dqg wkh Frxuqrw prgho/ Udqg Mrxuqdo ri
Hfrqrplfv Yroxph 4:/ Qxpehu 6/ Dxwxpq 4<;9/ ss1 7370481
Iulhgpdq/ Mdphv Z1 Roljrsro| Wkhru|/ lq Nhqqhwk M1 Duurz dqg Plfkdho
G1 Lqwuloljdwru/ hglwruv Kdqgerrn ri Pdwkhpdwlfdo Hfrqrplfv1 Dpvwhugdp=
Qruwk0Kroodqg/ 4<;5/ Yroxph LL/ ss1 7<408671
Nuhsv/ Gdylg P1 dqg Vfkhlqnpdq/ Mrvì Txdqwlw| suhfrpplwphqw dqg Ehuwudqg
Frpshwlwlrq |lhog Frxuqrw rxwfrphv/ Ehoo Mrxuqdo ri Hfrqrplfv Yroxph
47/ Qxpehu 5/ Vxpphu 4<;6/ ss1 6596:1
Pdjjl/ Jlrydqql Vwudwhjlf wudgh srolflhv zlwk hqgrjhqrxv prgh ri frpshwl0
wlrq/ Dphulfdq Hfrqrplf Uhylhz Yroxph ;9/ Qxpehu 4/ Pdufk 4<<9/ ss1
56:8;1
Vfkxo}/ Qruehuw Fdsdflw| frqvwudlqhg sulfh frpshwlwlrq dqg hqwu| ghwhuuhqfh
lq khwhurjhqhrxv srugxfw pdunhwv/ Pdufk 4<<<1
 D frpphqw rq \lq dqg Qj/ Dxvwudoldq Hfrqrplf Sdshuv/ iruwkfrplqj/
53331
\lq/ [ldqjndqj dqg Qj/ \hz0Nzdqj Txdqwlw| suhfrpplwphqw dqg Ehuwudqg
frpshwlwlrq |lhog Frxuqrw rxwfrphv= d fdvh zlwk surgxfw glhuhqwldwlrq/
Dxvwudoldq Hfrqrplf Sdshuv Yroxph 69/ Mxqh 4<<:/ ss1 470551
 U h s o | / Dxvwudoldq Hfrqrplf Sdshuv/ iruwkfrplqj/ 53331
:9